Results obtained with our proposed digital computer-assisted method for immunoexpression analysis were concordant with the semiquantitative analysis. In addition, digital values can also resolve disagreement among different observers about the quality of staining intensity because the digital method does not classify the results into groups, but rather provides a numerical value for each individual case; thus, it increases the diagnostic and, more importantly, the prognostic sensitivity of the immunohistochemical analysis.
INTRODUCTION
Immunohistochemistry is a well-established method in clinical practice that allows staining of cellular components and extracellular matrix by specific antibodies. In surgical pathology, it is used as a diagnostic tool to differentiate benign and malignant tissues. As a prognostic tool, it is used to study the presence of molecules involved in cancer aggressiveness. 1 More than to identify the presence or absence of a biomarker, immunohistochemistry can be used to quantify its expression. Several histological quantification methods have been described. The most widely used technique for determining the area fraction of labeled cells is based on the point-counting method described by Gundersen 2 in 1988. In 2001, Klein 3 described the semiquantitative immunostaining score that associates the area fraction of labeled cells with a staining intensity score based on visual qualitative observation. This has now become a well-established method.
Computer-assisted analysis of digital images was used for the first time in 1980 to quantify immunostaining. 4 Since then, several authors have applied this technology using different methods. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Digital images can be translated into numerical values, and these values are able to describe staining intensity as a numeric variable, which is more precise than visual qualitative observation. Considering numerical data for staining intensity and percentage of labeled cells, a combined digital immunostaining index can be defined.
The purpose of this study was to compare immunostaining intensity quantification by a digital computer-assisted analysis with the semiquantitative method 3 to verify the concordance of these techniques and identify advantages of one method over the other.
METHODS
Twenty-five consecutive cases of well-differentiated thyroid carcinoma classified according to World Health Organization criteria were studied. All patients were surgically treated at the Hospital das Clínicas of São Paulo University Medical School.
IMMUNOHISTOCHEMICAL STAINING
Representative tumor areas were chosen based on hematoxylin and eosin-stained sections. The corresponding archived paraffin-embedded specimens were sectioned into 3 µm slices, and immunohistochemical staining was performed according to the standard avidin-biotin immunoperoxidase complex technique. Mouse monoclonal anti-human galectin-3 antibody (LabVision ® , California, USA) was diluted in a 1:40 proportion and used as the primary antibody.
The brownish-color was considered to be evidence of a positive expression of galectin-3 in the tumor cells. Histological slices of normal human tongue were used as controls. Unstained red blood cells and labeled foamy cells were considered, respectively, as negative and positive internal controls.
QUANTIFICATION OF IMMUNOEXPRESSION
Slides were analyzed using a TS100 Nikon Eclipse ® light microscope to identify areas that best represented galectin-3 immunostaining (hot spots). For each case, the quantification of immunostaining was made by 2 different methods: semiquantitative and computer-assisted digital image analysis.
Digital Computer-Assisted Method
From each case, photomicrographs of 640x480 pixels were obtained from noncoincident consecutive fields, at a magnification of X400, with a 4300 Nikon Coolpix ® digital camera, adjusted to these parameters. The obtained images were analyzed by the imaging processing and analysis system, ImageLab ® (Softium Informática ® , São Paulo, Brazil), adjusted to the micrometric scale (µm).
Percentage of labeled cells (PLC)
At least 1,000 tumor cells of epithelial origin, for each case, were counted by the ImageLab ® while the observer classified them as positive or negative cells (Figure 1) . Thus, the percentage of labeled cells (PLC) was determined, according to the following equation:
total counted cells
Digital Immunostaining Intensity (ITI dig )
ImageLab ® was used to quantify the intensity of brownish-color immunostaining. For each case, the same photomicrographs used for determining the PLC were considered. Twelve randomized labeled cytoplasmic regions from different cells were indicated, with the same-sized square (tool of ImageLab ® system). The average optical density (OD) of these areas was automatically calculated and represents the average of red, green, and blue color composition (RGB) per area of cytoplasm analyzed (Figure 2) , expressed in optical units per micrometer squared (ou/µm 2 ). The same procedure was applied to obtain the background optical density (BOD) from an area without tissue or vascular space ( Figure 3 ) for each photomicrograph. A single area was enough, since the background was constant in each photomicrograph.
The absolute white color that corresponds to the maximum optical density (3207 ou/µm 2 ) is composed by the totality of red, green, and blue; and black is the absence of these colors. Therefore, the optical density values calculated by the program make up a decreasing scale in which the high values correspond to the colors that are visually clear.
The equation below was used to calculate the digital immunostaining intensity (ITI dig ) for each case, whose values make up an increasing scale, equalized by the BOD, proportionally to the optical density of absolute white.
Digital expression index (EI dig )
The digital expression index (EI dig ) was obtained by the multiplication of the PLC by digital immunostaining intensity (ITI dig ) for each case, according to the following equation:
Semiquantitative Analysis
The semiquantitative analysis (as described by Klein) 3 was obtained by calculation of the expression index (EI sq ) that associates the area fraction of labeled cells (ALC) with the immunostaining intensity (ITI sq ) obtained by visual qualitative observation categorized as described above.
Five noncoincident microscopic fields at X400 magnification were consecutively analyzed by the TS100Nikon Eclipse ® light microscope equipped with a 100-point grid. Labeled cells that coincided with grid points were counted, and the area fraction of labeled cells was determined according to the following equation:
The ALC values were categorized into 4 scores as follows: 0, absence of labeled tumor cells; 1, 0% to 10% of labeled tumor cells; 2, from 11% to 50%; and 3, above 50% of labeled tumor cells. A score of 0 to 3 was attributed to the immunostaining intensity (ITI SQ ) as follows: 0, no staining; 1, weak; 2, mild; 3, strong intensity. Finally, the expression index (EI SQ ) was determined by multiplying the ALC and the ITI SQ as follows: no staining, weak (1, 2, or 3 points), mild (4 points) and strong (6, 7, or 9 points).
RESULTS
The ALC varied from 0% to 60.8% and PLC from 0% to 94%. Only one case did not present cytoplasmic immunostaining.
The ITI dig varied from 0 to 124.5 ou/µm 2 , with an average of 72.7 ± 27.0 ou/µm 2 The averages of the immunostaining intensity obtained by the digital method, according to the ITI sq scores are shown in Table 1 . There was a significant difference between the ITI dig average of the weak group and ITI dig average of the strong group (ANOVA, P = 0.0001; Bonferroni test, P = 0.003), but no significant difference was found between them and ITI dig average of the mild group. A significant correlation was observed between ITI sq and ITI dig (Pearson correlation coefficient, r = 0.71, P = 0.0001).
The EI dig varied from 0 to 94.2 ou/µm 2 , with an average of 47.6 ± 26.9 ou/µm 2 . The averages of the immunostaining indexes of galectin-3 obtained by the digital method, according to the immunostaining score defined by the semiquantitative method are represented in Table 2 . There was significant difference between the EI dig average of the weak group and EI dig average of the strong group (ANOVA, P = 0.0001; Bonferroni test, P = 0.007), but no significant difference between them and EI dig average of the mild group. A significant correlation was observed between EI sq and EI dig (Pearson correlation coefficient, r = 0.66, P = 0.0001).
DISCUSSION
This paper describes a digital computer-assisted quantification method of immunostaining for biological markers by the immunohistochemical technique, using cytoplasmic staining of galectin-3 in well-differentiated thyroid carcinomas. It is important to note that this method has been used with other biological markers by immunohistochemistry in many types of tumors (for example, heparanase, caspase-3, bcl-2, bax, CEA, and prolactin-3 in lung, ovarian, breast, rectal cancers, and melanoma), showing similar statistically significant results.
The semiquantitative method of immunostaining intensity (ITI SQ ) was used by Klein et al 3 in a study of immunohistochemical expression of the vascular endothelial growth factor in thyroid papillary carcinoma. Through visual observation and the use of a scoring system, they classified immunostaining intensity as absent, weak, mild, or strong. Generally, digital image processing aims to improve the quantification of immunostaining 17 and does not classify results into groups.
Two independent observers can describe the immunostaining intensity of a determined area in different ways. Weaker-or stronger-stained areas do not require deeper discussions because independent observers usually agree on these categories. However, moderate upper or lower borderline-staining intensity can cause problems. In these cases, techniques that establish a numerical value for the staining intensity offer a uniform way to quantify the intensity in a defined area. 17 Software capture of immunohistochemical images can be used for this purpose, as in the method that is being proposed here.
The results of this study show that for extreme staining intensities, there was a high concordance between the semiquantitative and the digital methods. In contrast, tumors with mild intensity scores produced divergent results between semiquantitative and digital immunostaining intensity analysis. This suggests that there is disagreement between observers about the quality of intermediary intensities that could be resolved by the proposed digital quantification.
Tomatis et al 18 reported that an image analysis system was more precise than visual observation for separating melanomas from benign nevus, mainly in the intensity of hyperpigmentation and variety of colors of the lesion, suggesting greater accuracy with the digital quantification method compared to conventional visualization. Ruifrok 19 used digital image analysis to quantify the immunostaining of the growth factors EGF and TNF for the diaminobenzidine chromogen in fasting mice, separating, by manual subtraction of the RGB, the hematoxylin marking. Other authors [20] [21] [22] have used the automatic subtraction of RGB using the "magic wand tool," available in the Photoshop ® software, to determine the immunostaining intensity and in an attempt to quantify the concentration of antibodies used in the immunohistochemistry. This automated form has the inconvenience of introducing small errors into the final reading of the immunostaining intensity in cases where the limits among the colors to be subtracted are imprecise. It is also not possible to separate immunostaining of areas outside the cell compartment to be studied. 17 Moreover, tumor regions not exactly expressing the ITI expression chosen for the analysis are not considered in the calculation and, therefore, are not represented. 17 In our proposed method, the optic density of immunoexpression is determined without the subtraction of RGB for the determination of only the cytoplasmic area of the labeled cells in all the photomicrographs studied, thus representing the immunostaining intensity diversity case by case, without the possibility of going askew and considering structures that should not be analyzed and of leaving out regions more or less expressed.
When the digitalization of an image is done, the color tones do not occupy all the scales available; that is a particular and intrinsic feature of each obtained photomicrograph, making comparison between two photomicrographs impossible. To get around this situation, the scale of colors can be modified artificially so that they occupy the same and greatest interval possible. This procedure has been named equalization. 17 Many investigators do not recognize the importance of this fact [18] [19] [20] [21] [22] [23] and so do not equalize the images obtained, possibly causing errors in obtaining the ITI values. One form of equalization is the use of digital cameras of the highest resolution with the best light filters. 24 The images thus obtained have exactly the same color spectrum, but this equipment increases the cost of the system, limiting its utility. The method proposed in this study uses a simple algorithm for the equalization of images that makes the measurement of the ITI proportional to the background optic density (BOD), in relation to the optic density of absolute white, for each photomicrograph analyzed. This solves the intrinsic problems of the immunohistochemical method itself as well as the problem of the electronic noise that can result in a color spectrum that is different among the digital images; it also enables a comparison of the immunostaining among the different cases analyzed.
In contrast to the methods proposed by other investigators who have sought to measure the concentration of the chromogen by obtaining its intensity 20, 22 and expression index, 23 the method described in this study aims to enable a comparison among the cases without the application of intensity scores. 3 By comparing immunostaining quantification obtained by a digital computer-assisted method with a well-established semiquantitative analysis, we conclude that results of both methods are concordant. However, digital measurement could resolve disagreement between two observers about the quality of staining intensity because the digital method does not classify the results into groups, but rather provides a numerical value for each individual case and, thus, increases the diagnostic and, above all, prognostic sensitivity of the immunohistochemical analysis.
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